ABSTRACT
Here, the structure, function, biological and pathological significance and clinical utility of the principal biomolecular markers of breast cancer is reviewed. Each marker was scored for clinical utility using a recently developed tumor marker utility grading system (TMUGS). Among the tissue markers, ERs and PRs are important prognostic/predictive factors and the only tissue markers routinely determined. ER cross-talks with other growth factors while co-regulatory factors enhance (co-activators) or decrease (co-repressors) its transcriptional activity. CerbB-2 and Ki67/MIB-1 select for adjuvant chemotherapy a subgroup of lymph-node negative patients at a high risk of relapse. Monoclonal antibodies (trastuzumab, gefitinib, erlotinib and bevacizumab) targeting tissue markers and involved in tumor growth and metastasization (EGFR, CerbB-2, VEGF) have been developed; they showed See text for the details. Prognostic factors are those predicting relapse independent of future treatment effects; predictor factors are those predicting response or resistance to a specific therapy. Brief explanation of the used utility scale: 0 = the marker should not be ordered for that clinical use; NA = data are not available; +/-= data are suggestive for a contribution but they are preliminary, thus the marker is still considered highly investigational; + = sufficient data are available to demonstrate a contribution; however, the marker is still considered investigational; ++ = marker supplies information not otherwise available for other measures and it should be considered standard practice in selected situations (203) .
1 VEGF 165 is the predominant isoform.
therapeutical single agent activity as well as potent synergy with chemotherapy agents in metastatic cancer. Among circulating markers, some are potentially useful in the early detection and monitoring of metastatic disease; nevertheless, none is routinely recommended. To suspect distant metastases, CEA-TPA-CA15.3 panel attained accuracy of about 90%. ECD HER2-neu, p53 and nucleophosmin antibodies seem suitable candidates for different associations. Preliminary observations suggest that an early detection with tumor markers and successive treatment of relapses significantly prolongs disease-free and overall survival in selected patients. In conclusion, biomolecular markers are improving understanding of biology and management of breast cancer.
INTRODUCTION
In the last decade the knowledge of biomolecular bases and the clinical use of breast cancer markers has been evolving greatly and new data are emerging. This accounts for an insight on the issue. Criteria other than that adopted in this review as structure, function and clinical role can be used for grouping the clinically relevant biomolecular breast cancer markers. We grouped them into tissue or biological fluid (blood) markers according to the principal site where they are evaluated for clinical use. Tissue markers include different categories such as intracellular or membrane receptors, oncogenes and tumor suppressor genes, nuclear antigens and growth factors, while circulating markers include the wide category of tumor associated antigens (TAA) and others.
TISSUE MARKERS
The tissue markers considered are listed in Table 1 .
Intracellular receptors (Estrogen and Progesterone receptors)
3.1.1. The estrogen receptors (ER-alpha, ER-beta) 3.1.1.1. Structure The estrogen receptor (ER) is a 65 kDa estrogen-binding phosphoprotein of 595 amino acids expressed by up to 70% of human breast cancers. It is a member of a large superfamily of nuclear receptors which includes the receptors for other steroids, as well as nonsteroid hormones such as thyroid hormone, vitamin D and retinoic acid (1). Similar to other steroid hormone receptors, ER has a modular structure consisting of distinct domains labelled A-F starting from the N-terminus. To each domain important functions have been attributed (2) (3) (4) (5) .
Of the ERs, ER-alpha, discovered in 1988, mediates the effects of estrogens on target tissues. ERbeta  more recently identified in rat, human and mouse, is a protein of 485-530 amino acids (6-8). ER-beta does not contain the A-B domain, the hinge region and the F domain. It binds estrogens with a similar affinity to ERalpha and activates the expression of reporter genes containing EREs in an estrogen-dependent manner (6, 9-10).
Function
Target genes that are thought to mediate the clinical effects of ERs are those coding for proteins involved in transcription regulation, signal transduction, cell growth, tumor invasion, apoptosis, stress response, cell-cell adhesion and immune response. Some of them are likely to be involved in breast cancer and others are interferon-inducible (11-13). So far, three main different ways of ER function have been described, called classical, non classical and non genomic action ( Figure  1 ). In the classical action, binding to ERs triggers specific conformational changes in the receptor (14) and receptor dimerization. Conformational change facilitates binding of coregulatory proteins, that modify and activate its transcriptional activity in the promoter region of target genes. After hormone binding and dimerization, ERs bind to specific EREs with high affinity through their DNA binding activity (DBA).
The non classical action is the ER regulation of gene expression without directly interacting with DNA, via tethering to other transcription factors such as AP-1 (15), SP-1 (16) and others (17). In the model described for the ER/AP-1 interactions (18), AP-1 is bound to both its response element and ER proteins. The transcriptional response from an ER/AP-1 complex is dependent on the ER and its ligand. In general, ligands elicit opposing effects through AP-1/ER-beta, compared with AP-1/ER-alpha (19). AP-1 transcription complex comprises either c-jun homodimers, c-jun/c-fos heterodimers or heterodimers among other members of these families (20) . Expression and activation of AP-1 are regulated by many extracellular (growth factors and steroid hormones) and intracellular (those initiated by PKC, cAMP, MAPK and Janus kinases) signals. However, the consequences of AP-1 activation appear cell-context dependent. The non genomic action is cross-talk with other growth factor signalling pathways. This action is probably mediated by the receptors' activity close to the cytoplasmic membrane (21-22). Many studies suggest that in breast tumors stimulated ERs promote the expression and/or activation of other receptors (such as EGFR/HER2 family and IGF-I receptor), autocrine growth factors (TGF-alpha and IGF-II) and signalling intermediates (downstream kinases and signalling molecules). However, cross-talk of GF signalling with ER operates in both directions (23). Thus molecular communication from several GF or intracellular kinase signalling pathways to ER pathway can alter its function. Diverse signalling pathways and various agents that raise intracellular kinase activities induce ER activation in the presence of tamoxifen or in the absence of any activating ligand (24).
However, at the moment, the majority of the cellular effects of estrogens in the breast seems to be mediated through ER functioning as a transcription factor (classical action). Furthermore, many tissue-specific effects of ER may be dependent on the cellular pool of other factors that influence the final transcriptional activity and are therefore defined co-activators or co-repressors ( Figure  2 ) (25-27). The net agonist/antagonist activity of ER ligands depends on ligand induced conformational changes of the receptor and the receptor isoform as well as the particular ensemble of coregulatory proteins and promoter sequences that give functional specificity of the receptor down to the gene level (Figure 3) .
Clinical utility
ER determination followed the use of the H222 and H226 antibodies (28) to identify different epitopes on the ER, the ligand binding domain (LBD) and the DBA respectively. In particular the H222 antibody forms the basis for two commercially available ER assay kits -an enzyme quantitative immunoassay (EIA) and a semiquantitative immunocytochemistry assay (ICA). Most recent clinical data on ER determination have been obtained using either these commercial kits, that cannot distinguish between ER-alpha and ER-beta isoforms. Nevertheless, it has also been reported that unlike in normal breast tissue, where ER-beta predominates, in most breast tumors ER-alpha is expressed either alone or in combination with ER-beta  (29-30). Therefore, it is assumed that most available clinical data mainly reflects ER-alpha function. Overwhelming findings show that in breast cancer, positive ER predicts benefit from antiestrogen therapy and joins with less aggressive biology of tumor (31-33) Moreover, the concentration of ER in the tumor is known to correlate with responsiveness to endocrine manipulations (32, 34-35). Recent results provide support for a role of ER-beta as a poor prognostic factor in breast cancer. In fact, it has been reported that among 60 breast cancers examined, those tumors that coexpressed ER-alpha and ER-beta were significantly node positive and tended to be of higher grade (29). More controversial is the role in On binding an agonist or antagonist, the estrogen receptor (ER, the alpha or beta isoform) undergoes a conformational change followed by spontaneous dimerization and interaction of the dimer with estrogen response elements (EREs) located with target genes. Estrogen facilitates the interaction of the ER with co-activators. An antagonist-activated ER, on the other hand, interacts preferentially with a co-repressor protein. Co-regulators: CoR = co-repressor; CoA = co-activator. the tamoxifen-resistant patients. In fact, up-regulated ERbeta mRNA has been reported to be significantly higher in patients who recurred while receiving tamoxifen than in those who did not (30). However, in another study on 50 ER positive primary breast cancer patients all treated with tamoxifen as the only adjuvant therapy, a low level of total ER-beta was significantly associated with tamoxifen resistance (36).
Therefore, while ER determination has been standard practice for a few years for the decision-makingprocess of selected situations, ER-alpha and ER-beta must still be considered highly investigational markers (Table 1) .
ER plays an important role in breast cancer response and resistance to antiestrogen therapy. Usually, ER is involved in determining the estrogen response through genomic (classical and non classical) action. The precise mechanisms of de novo or acquired resistance to antiestrogens is unknown. However, the most important mechanism driving de novo resistance is lack of ER expression, because > 90% of ER negative tumors will not respond to antiestrogens and patients with ER positive tumors have a significantly higher response rate to antiestrogens than patients with ER poor/ER negative tumors (33). In general, approximately 70% of patients with ER positive/PgR positive tumors will respond to tamoxifen, whereas 34% or 45% response rates are seen in ER positive but PgR negative or ER negative/PgR positive tumors (33, 37). The predictive power of PgR expression is likely related to the ability of estrogens to induce its expression thus reflecting the existence of an at least partially functional ER signalling pathway (38). For ER positive tumors, it seems likely that no single mechanism predominates for either de novo or acquired resistance. Indeed, each tumor, or each subpopulation within a tumor, may utilise a different resistance mechanism (genomic and/or non genomic). Nevertheless, some critical events driving response and resistance to tamoxifen are related to activities regulated, at least initially, through the ER signalling pathway(s). This may explain why so few ER negative tumors respond to antiestrogens and why a majority of initially responsive tumors acquiring resistance continue to express ER. The ability of cells to acquire an estrogen independent phenotype without concurrently acquiring antiestrogen resistance could reflect the differential regulation of interrelated and/or interdependent gene networks (39-40).
One example of a putative resistance gene is Bcar1/p130Cas which has been identified by insertion of a retrovirus into tamoxifen-responsive cells (41).
Activation of AP-1 results in a down regulation of ER expression (42) and might be expected to antagonise ER function and produce antiestrogen resistance. These latter observations may partially explain the association of an up-regulation of AP-1, a down-regulation of ER and the TAM-stimulated but ICI 182,780 cross resistant phenotype of the MCF-WES cells (43). Consistent with these observations is the ability of transfection with c-jun to down-regulate ER, producing the consequent TAM resistant phenotype (44). AP-1 is an important molecule in signalling to both proliferation and apoptosis, and it is likely that perturbations in its gene regulation activities may explain some antiestrogen resistant phenotypes. One possible mechanism is through AP-1's inhibition of ER expression (42, 45). Conversion to ER negativity is not a particularly common form of acquired resistance (46). However, lack of ER expression is clearly a major de novo resistance mechanism. Perhaps the most important contribution of AP-1 is as one of the mechanisms that either initiate and/or maintain the de novo, ER negative, resistance phenotype. Nevertheless, further studies are necessary to better define the role of AP-1 in antiestrogen responsiveness/resistance as in many cell systems AP-1 protein expression and DNA binding activity are poor predictors of its transcriptional activity.
A consistent inverse relationship between ER and EGF-R expression has been widely reported in breast cancer cell lines and tumors. Primary breast tumors that have either low ER content, or lost the ability to express ER, frequently express high levels of EGF-R (47-48). This partly explains the association of high EGF-R expression and poor response to tamoxifen. Also there is some evidence that poor response rate to tamoxifen is seen in ER positive tumors that also express EGF-R (49). These and many other experimental data support the hypothesis that another mechanism of tamoxifen resistance involves crosstalk between ER and growth factor and/or stress kinase signalling pathways (23). The transcriptional (nuclear) and the newly recognised rapid membrane effects of ER can activate growth factor signalling pathways. Furthermore, the kinase cascade generated by the insulin-like growth factor (IGF) and the epidermal growth factor receptor (EGF-R) families can activate ER and its co-regulatory proteins and initiate estrogenic signalling in the absence of estrogens. This causes a vicious cycle of cross talk that leads to enhanced tumor cell survival and proliferation (50). However, the precise contribution of non-genomic action to tamoxifen inhibitory effects remains controversial for the moment.
Immunologic mechanisms of tamoxifen resistance also have been hypothesised. The immunosuppressive activities of estrogens have been known for many years. Some of these effects are likely to be ER mediated, since expression of steroid hormone receptors is widely reported among some lympho-reticular cells. Some authors suggest that tamoxifen resistance derives from loss of responsiveness to tamoxifen-induced NK cell activation and/or changes in the susceptibility of the tumor cell to tamoxifen-induced lysis (33). In experimental breast cancer cells, genes inhibiting innate and adaptive cell-mediated immune system have been reported (51). Thus, other authors (52) hypothesise that tumor cells being in G0-G1 state during clinical benefit from antiestrogen salvage therapy do not inhibit the immune system. At the progression of metastatic disease, they perhaps recover their constitutive function and inhibit the immune system thus contributing to the occurrence of antiestrogen resistance.
The progesterone receptors (PR-A, PR-B)

Structure and function
Progesterone receptors (PRs) are liganddependent members of the nuclear receptor family of transcription factors and allow progesterone to exert its effects. Two PR isoforms A and B as alternate initiation of translation from the same mRNA or transcribed from two promoters on a single gene (53) exist in progesterone target tissues. Functional domains of both isoforms include the two transactivation domains: activation function-1 (AF1) located in a 90-amino acid segment (aminoterminus) and AF2, located within the carboxyl terminus (54).
Gene regulation
Known target genes that are regulated by PRs are those coding for proteins involved in membrane effects (cell adhesion or cytoskeletal interactions, secreted molecules, cytokines/cytokines receptors and chemokines, membrane-bound molecules), metabolism, cell cycling and apoptosis, transcription factors and nucleic acid and protein processing (55). Ninety four genes are regulated by progesterone; 82 of them are upregulated and the remaining 12 are downregulated. Among the upregulated genes, 59 are uniquely upregulated by PR-B, 4 uniquely by PR-A and only 19 by both. Among downregulated genes, 6 are targets of both PR isoforms, and 6 unique for PR-B. Interestingly, none are uniquely downregulated by PR-A (55). The low number of genes regulated by both receptors is surprising and suggests that the two PR isoforms serve different functions.
Liganded PR-B homodimers regulate many more genes than PR-A, through the unique activation AF-3 function although the specific mechanism of AF-3 function is still unclear (56). With regard to the small number of genes that are uniquely regulated by PR-A, it is likely that only PR-A homodimers can bind their promoters. Many of the downregulated genes encode immune system proteins, suggesting a role of progesterone in protecting the fetus from immune attack.
Nuclear receptors are a class of transcription factors that can act as both activators and repressors of transcription. PR-A can inhibit PR-B isoform. Unlike hPR-B, hPR-A is not transcriptionally activated by progesterone antagonists. When the two receptor forms are present, the hPR-A phenotype is dominant (57). In summary, a series of cellular functions are activated by the two PR isoforms and the resulting combination of their effects determines the PR transcriptional activity.
In vivo the two PR isoforms are usually coexpressed in normal cells but their ratio varies in different tissues, physiological states and in disease (58).
Pathologic and clinical considerations
Because PR-A and PR-B isoforms have markedly different transcriptional effects, the function of PR-A/PR-B heterodimers may differ from that of the homodimers and the ratio of PR-A to PR-B is likely to control the final response of PR receptors. PR-A overexpression in transgenic mice results in extensive mammary epithelial cell hyperplasia, excessive ductal branching and a disorganised basement membrane, all features associated with malignancy (59). In contrast, PR-B overexpression leads to an under-differentiated state, that is to premature ductal growth arrest and inappropriate lobulo-alveolar development (60). When PR-A are selectively knocked-out, leaving only PR-B, early mammary gland development appears to be normal (61). In the breast equal expression of the 2 PRs is necessary for normal development and differentiation while PR-A to PR-B ratio is extensively disregulated in breast cancers. An analysis of 202 PR positive breast cancers by immunoblotting showed that expression levels of PR-A were higher than PR-B in 59% of tumors and were 4 fold or greater in 25% of tumors (62). In another study of 32 PR positive breast cancers, excess PR-B correlated with the absence of HER2/neu indicating a good prognosis, while excess PR-A correlated with a poorly differentiated phenotype and higher tumor grade (63). These in vivo and other in vitro data (64) suggest than an excess of PR-A is particularly harmful in the breast. 
Function
After ligand binding, the erbB receptors become activated by homodimerization or heterodimerization. No cognate ligand for HER2 has been found. However, HER2 is known to be the preferred co-receptor for the EGFR, HER3 and HER4 (72). Therefore, HER2 signals by the heterodimerization with the erbB receptor family (74, 75). Studies with breast cancer cell lines and human tumors have also demonstrated constitutive phosphorylation of HER2 (76) although the biochemical basis is not clear (77). After receptor dimerization, and tyrosine kinase phosphorilation, recruitment and phosphorilation of several intracellular substrates, as well as the binding of docking and adaptor molecules to specific phosphotyrosine sites on receptor molecules occur. Under physiological conditions, two important downstream signalling routes of the erbB family have been described. One is via the Ras-Raf-MAP kinase pathway (78), that through activation of MAPKs, ERK1 and ERK2 regulates transcription of molecules that are linked to cell proliferation, survival and transformation in laboratory studies (79). The other is via Another route for signalling is via the stress-activated protein kinase pathway, involving protein kinase C and Jak/Stat. However, in tumor cells these receptors can be activated by additional mechanisms. In fact, ligand-independent mechanisms of receptor activation have been described with receptor overexpression, with mutant forms of receptor from gene rearrangements or via the urokinase plasminogen receptor (82-83).
HER2/neu activity was evaluated either by measurement of gene amplification or overexpression of its product, the 185 KDa glycoprotein. For measuring gene amplification southern blot (SB) or polymerase chain reaction (PCR) were used, while methods to determine p185 overexpression included northern blot (NB), fluorescent in situ hybridization (FISH), western blot (WB) and immunohistochemistry (IHC). For the immunohistochemical staining different monoclonal and polyclonal antibodies and paraffinembedded archived material are used. Molecular analysis of frozen breast cancer specimens indicates that amplification is closely associated with overexpression (84-85). However, in human breast cancer erbB2 positivity varies with respect to the method used for evaluation and different accuracy among different methods has been found (86). Nevertheless, when large series were considered, erbB2 positivity appeared to be very similar with the various methods (20-23.6%) and the overall rate of positivity in 22616 cases examined was 21.4% (87).
Clinical utility
The most consistent observation is that erbB2 positivity is strongly and inversely related to ERs and PRs, being related to a worse grade of malignancy and being related to a higher frequency of aneuploidism (87). Several studies also found a close association between erbB2 positivity and a high proliferation rate (87-88) and a correlation between HER2 overexpression and shorter disease-free (DFS) and overall survival (OS). This correlation was observed when the whole population of axillary lymph-node positive and negative patients was considered and univariated analysis was applied (87). When the multivariate analysis was used in the same studies, the correlation was significant only in a few of them (87). In lymph-node positive patients most reports confirmed a shorter DFS and OS both by uni and multivariate analysis, while in lymph-node negative patients they did not (87-88). However, usually erbB2 does not change the risk of node positive patients so much to affect the clinical decision on adjuvant therapy. In node negative patients HER2 expression in association with proliferative activity identifies a subgroup of patients with the worst prognosis who are candidates for specific intensive adjuvant therapy (89). Moreover, breast tumors that co-overexpress EGFR and HER2 exhibited a worse outcome than tumors that overexpressed either receptor alone (90).
So far conflicting data have been reported as to whether HER2/neu overexpression is associated with hormone and chemo-resistance both in the adjuvant and in the metastatic setting. In fact some have suggested that HER2/neu overexpression is associated with hormone (87, 91-92) and chemo-resistance (87), whereas others have found no such association (87, 93, 94).
Recently, a humanized monoclonal antibody directed against the extracellular domain of 185 KDa HER2 protein and called trastuzumab was constructed for therapy. Metastatic breast cancer women with HER2 overexpressing (+3 by IHC) and/or gene amplification (by FISH) tumors are candidates for trastuzumab. In these patients, compared with chemotherapy alone, chemotherapy with trastuzumab showed to improve clinical outcome, including response rate, time to progression and overall survival (95). In addition, experimental data confirm that HER2 transmodulation via EGFR signalling implies that specific EGFR tyrosine kinase inhibitors will be effective against breast tumor cells overexpressing HER2 as well as EGFR. This suggests their use in combination with HER2 antibodies against mammary carcinomas with high levels of the HER2 proto-oncogene (71, 96).
p53, gene and protein 3.3.1. Structure and function
The human p53 tumor suppressor gene has been mapped to chromosome 17p53, contains 11 exons and highly conserved regions (97-98). The p53 gene encodes for a 53KDa nuclear phosphoprotein called wild-type p53. This nuclear phosphoprotein has been implicated in controlling cell-cycle regulation, cell differentiation and the surveillance of genomic integrity (99-100). The p53 protein is functionally divided into 3 domains: a central DNAbinding domain, an amino-terminal transactivation domain and a carboxy-terminal oligomerization domain. Since the DNA binding domain contains most of the p53 gene mutations identified in tumors, the ability of p53 protein to bind DNA and function as a transcriptor factor is probably a major component of its tumor-suppressor activity. The p53 protein transcriptionally regulates numerous genes as part of signal transduction pathways initiated by cellular stresses. Following a cellular stress, such as DNA damage, hypoxia or the activation of an oncogene, p53 protein levels increase as a result of increased synthesis and a longer halflife, then p53 protein activates transcription of p53-regulated genes and results in cell-cycle arrest or apoptosis (101). Wild-type p53 has two major functions: a) regulation of the checkpoints G1 to S and G2 to M of the cell cycle; b) induction of apoptosis after genotoxic damage. As to the first function, activated p53 causes a G1 cell-cycle arrest by increasing the trancription of the cyclin-dependent kinase (cdk) inhibitor p21 (102). The cdk inhibitor p21 blocks cdk4 activity and thereby inhibits entry into S-phase. In fact, cdk4 activity through retinoblastoma protein increases the transcription of S-phase genes. Activated p53 may also contribute to a G2 arrest by increasing the transcription of 14-3-3σ. 14-3-3σ sequesters the Cdc25C phosphates in the cytoplasm preventing it from entering the nucleus and activating cdc2, the cdk that promotes G2/M transition. As to the second function, p53 initiates apoptosis by inducing trancription of genes that regulate programmed cell death. p53 induction of bax can cause cytochrome C release from mitochondria which activates caspases, able to kill the cell. p53 can also induce the death receptors DR5 and FAS, which can activate caspases after binding to their respective ligands, TRAIL or FAS ligand. p53 also increases the transcription of IGF-BP3 which binds to the insulin-like growth factor-1 protein, preventing it from sending signals that inhibit caspase activation. Cellular oxidation genes are also induced by p53 and may cause apoptosis through redox mechanisms. Cell type, cellular environment and genetic context are important to determine whether a cell responds to a cellular stress with p53-induced cell-cycle arrest or with p53-induced apoptosis (101). The p53 mutations in breast tumors vary from 20 to 40% (103), although the timing of the involvement of these mutations in breast carcinogenesis remains unclear. In a few studies p53 mutations have been found in pre-invasive breast lesions as ductal carcinoma in situ (DCIS) and atypical hyperplasia (104-106). Besides, a significantly higher frequency of p53 mutations has been reported in high-grade than in intermediate-grade and low-grade DCIS (40 vs 4% and 0% respectively) (103). These findings suggest that when p53 gene mutation occurs, it represents an early event in breast carcinogenesis and may be a useful marker for an increased risk of progression to invasive and more aggressive breast cancers (103). Recently, in cancers with a wild-type p53 gene status, overexpression of a novel and critical inhibitor of p53, COP1, was correlated with a strong decrease in steady state p53 protein levels and attenuation of the downstream targeted gene, p21. This contributes to an accelerated degradation of p53 protein and attenuates the tumor suppressor function of p53 (107).
Clinical utility
Many studies showed that alterations in p53 are associated with poor prognosis. In fact, mutated p53 was found in a higher percentage of patients with inflammatory breast cancer (108) and p53 overexpression was associated with a worse outcome in high risk primary breast cancer patients (102, [109] [110] . Nevertheless others have not detected a similar significant association (102, [109] [110] . The lack of agreement may be due to different methods of detection of p53 alterations (111) . In fact, while most investigators used immunohistochemical detection of mutant forms of p53 overexpression, others conducted more complete molecular analysis with determination of specific DNA alterations (112, 113) . Controversial data also have been reported on predictive value in response to chemotherapy (102, 108, 114). It has been suggested that, depending on which p53-modulated activity predominates in a particular cell line, different observations might be expected after treatment of cells with p53 mutations (115) . So, in cells in which the control of S phase entry predominates, the loss of wild-type p53 would sensitize the cell to DNA damage. Conversely, if apoptosis induction predominates, loss of functioning p53 would confer resistance.
Ki-67/MIB-1 3.4.1. Structure and function
Ki-67 is a non-histone nuclear protein that is closely linked to the cell cycle. It is expressed in proliferating cells during mid G1 phase, increases in level through S and G2 and peaks in the M phase of the cell cycle. It is rapidly catabolized at the end of the M phase, and it is undetectable in resting (G0and early G1) cells. The function of Ki-67 is poorly understood. It was first isolated from a Hodgkin's disease cell line and it is located in the nucleus, possibly associated with the nucleolus and/or fibrillar components (116) .
Measurement of cell proliferation has prognostic value for human breast cancer (117) (118) , and is one of the innumerable factors that have been proposed to supplement pathologic stage. A variety of methods have been used to assess cell proliferation. Proliferating cells can be identified with a monoclonal antibody specific for bromodeoxyuridine (BrdUrd), that is a thymidine analog. A brief in vivo infusion of BrdUrd just before tumor removal labels cells in S-phase similarly to those submitted to in vitro 3H-thymidine exposure (119) . Other methods include S-phase fraction (SPF) measurement by flow cytometry and mitotic index established using large core needle biopsy specimens (120) . However, the advent of antibodies, which recognise antigens related to cell cycle proteins and can be used for immunostaining archival material, has facilitated routine assessment. MIB-1 is an antibody that recognises the Ki-67 epitope in paraffin-embedded tissue. Among antibodies that have been raised against cell cycle specific antigens, MIB-1 is being used increasingly (121) . The MIB-1 staining is commonly expressed as a percentage of staining cancer cells to the total population. As expected, BrdUrd labeling index (LI) correlated with a Ki67 LI based on MIB-1 antibody. Nevertheless, BrdUrd, mytotic index and SPF measurement were found to be more effective prognostic and predictive factors than Ki67 (120, 122) . Moreover, the appropriate cut-off values that distinguish between high and low proliferative activity using Ki67 has not been universally standardized (123) . The relationship of Ki67 protein expression with gene expression profiles has not been fully investigated (124) .
Clinical utility
Increased percentages of Ki-67 positive cells have been described as an independent negative prognostic factor for relapse and overall survival in some (122, [125] [126] [127] but not all studies (128) (129) . In a recent report, MIB-1 was determined in skeletal metastases of breast cancer patients operated on for pathological fracture. No correlation was observed between MIB-1 in skeletal metastases and post-operative survival or survival from diagnosis of breast cancer (130) . Proliferation markers have been found associated with tumor sensitivity to chemotherapy; a positive correlation between pathological response to neoadjuvant chemotherapy and cell proliferation as assessed by Ki-67 expression (120, (131) (132) has been reported.
Vascular endothelial growth factor (VEGF) 3.5.1. Structure and function
The human VEGF gene is located to chromosome 6p21.3 and consists of 8 exons and 7 introns (133) . The molecular mechanisms of the increase in VEGF mRNA and VEGF protein production are not yet understood, although insulin, insulin-like growth factor-1, corticotropin, thyrotropin and steroid hormones have been reported to affect VEGF mRNA production. VEGF protein, also referred to as vascular permeability factor (VPF), is the most commonly studied vascular growth factor, specific mitogen and survival factor for endothelial cells and key promoter of angiogenesis. At least five isoforms of the VEGF protein, composed of 121, 145, 165, 189 and 206 amino-acids respectively can be translated, because of alternative VEGF mRNA splicing (134) . The predominant isoform VEGF165 is a heparin-binding basic homodimer of 45 KDa that remains partly bound to the cell surface and the extracellular matrix (135) . VEGF protein acts primarily in a paracrine way and binds with high affinity to two receptors of the basal membranes of the endothelium. They are tyrosin kinase receptors, the FMS-like kinase (Flt-1, VEGFR-1) and the kinase domain receptor (KDR, VEGFR-2), which are produced predominantly by endothelial cells. Recently, a new form of VEGF receptor, neuropilin-1 has been identified with an important role in vasculogenesis (136) . Binding of VEGF causes receptor dimerization and autophosphorylation for signalling. The antiapoptotic and mitotic functions of VEGF are mediated by KDR. Tumor cells tend to overexpress VEGF constitutively and hypoxia increases the production of Flt-1 and KDR although this increase is smaller that that of VEGF.
Clinical utility
VEGF has been reported to be an independent unfavourable prognostic factor for relapse and survival in a few studies (137) (138) (139) (140) (141) . In some of them, this occurred only See text for the details. For explanation of utility scale see Table 1 . For TAAs, ECD HER2/neu, p53 and nucleophosmin antibodies prognostic value derives from rising level predicting an impending relapse; for predictive value see text. P = primary cancer; M = metastatic cancer; ECD = extracellular domain. 1 Referred to progression of disease, or response to therapy (complete or partial), or no change: high > 60%; low < 60%. Although they are investigational (+) or highly investigational (+/-) data are available as prognostic factor ( 2a ) or predictor factor ( 2b ). Data are not available (NA).
in subsets such as N- (134, 138, 142) , N+ (137) or ER+ (143) patients. In a recent report on whole breast cancer population VEGF immunostaining was not a significant (univariate analysis) predictor of relapse. By multivariate analysis it was a weaker unfavourable prognostic factor than conventional clinical histopathological and other common biomolecular markers. Moreover it was one of the prognostic indicators included in the logistic regression, that showed the highest sensitivity and specificity (144) . In the same study VEGF immunostaining was a significant unfavourable factor in N+ but not in N-subsets, as recently confirmed by others (145) . As to its use as a predictive factor, so far in no relevant clinical study has it been reported to predict response to chemo and/or endocrine therapy. Recently, recombinant humanized monoclonal antibodies to VEGF have been prepared and in a phase III study in patients with refractory metastatic breast cancer doubled the response rate to capecitabine, however, survival was not affected (146).
CIRCULATING TUMOR MARKERS
Tumor associated antigens (TAAs): general aspects
Many human tumors produce substances that pass into the blood and may serve as tumor markers. More precisely, circulating tumor markers may either be 1) tumor-derived, i. e. produced by the tumor itself, or 2) tumor-associated, i.e. produced by other tissues in response to the presence of the tumor. Among different types of circulating tumor markers, TAAs are more widely investigated. They are tumor-derived proteins or glycoproteins and are detected in serum usually by immunological methods. Several monoclonal antibodies (MABs) have been described that are reactive with human mammary carcinomas (147, 148) . In general, they are classified into three groups based on the immunogen used to generate the MAB. The immunogen can derive from breast tumor cell lines, milk fat globule membrane or membrane-enriched extracts of breast carcinoma metastases. Each MAB is characterised with respect to either percentage of reactive mammary tumors, percentage of reactive cells within the tumor, location of reactive antigen within the tumor cell, or degree of reactivity with non mammary tumors as well as normal tissues (147, 148) . This antigenic variability accounts for a different pattern of staining (focal staining, diffuse cytoplasmic staining, membrane staining and apical staining) with a given MAB within the same tumor. Antigenic reactivity can change in different areas probably because it may reflect, in part, cells in different phases of growth. In fact some MABs are most reactive with tumoral cells during the S-phase of the cell cycle. It also can change at different times; in fact, in vitro, some clones of tumoral cells showed a dramatic change in antigenic phenotype through-out the observation period. The antigenic variability is an important problem in the development and optimization of immunodiagnostic procedures for the management of breast cancer.
Many authors reported on the usefulness of TAAs in breast cancer patients to detect post-operatively relapses and monitor response to treatment (149) . Among them, only CEA and CA15.3 are considered clinically relevant (149) ( Table 2 ). However, the last updated guidelines of the American Society of Clinical Oncology (ASCO) (44) do not recommend the use of any circulating tumor marker post-operatively as they are not considered sufficiently accurate to be used routinely. In the last decade we and others (150) (151) (152) (153) have defined suitable criteria for the use of circulating TAAs. Consequently, we reported a high accuracy of CEA-CA15.3-TPA association in the post-operative follow-up of breast cancer patients and identified clinically important benefits from their use (153) (154) (155) . Therefore, these three markers are considered as follows. In addition, two other TAAs which appeared promising in the past or at the present time, are taken into account.
Carcinoembryonic antigen (CEA)
First described by Gold and Freedman (156) , CEA is a serum glycoprotein. CEA is one of at least 19 related molecules that are members of the immunoglobulin gene superfamily. The functions of this family, thought to be different, have as a common trait the fact that they are well characterised and that they serve cell-cell interaction, recognition or adhesion. In a study (157) it was postulated that CEA works as an adhesion factor for circulating tumor cells thus facilitating the formation of liver metastases. Since various members of the CEA gene family are found on the surface of white blood cells, e. g. monocytes, macrophages, and granulocytes, as well as on the surface of normal colonic mucosa cells, it was also suggested that these antigens play a role in the bacterial recognition of, and adhesion to, the mentioned cells. It is quite evident that further studies are needed to fully elucidate the true role (or roles) of CEA, which is an embryonic antigen before becoming re-expressed as a tumor antigen. The liver is the major site for clearance of CEA. CEA half life is 3-11 days (158) .
Current CEA test uses immunoradiometric (RIA) or immunoenzimatic (EIA) assays. RIA assay uses a double monoclonal or monoclonal-polyclonal antibody format. Their interassay coefficient of variation ranges from 10% to 12% for mean values ranging from 3 to 5 ng/mL, and from 6% to 10% for CEA concentrations of 10 to 100 ng/mL.
All CEA test methods give a normal range of less than 3.0 ng/mL for non-smokers and less than 5.0 ng/mL for smokers.
CA15.3
CA15.3 is a mucin-like membrane glycoprotein with a molecular weight of 290 KDa, which is shed from tumor cells into the bloodstream. The antigen is present in high levels on apical borders of differentiated secretory mammary epithelial cells and in the cytosol of less differentiated cells. Prognostically favourable breast carcinomas as in situ carcinomas or tubular carcinomas and benign breast lesions show predominantly apical reactivity using a murine monoclonal antibody designated DF3 prepared against a membrane-enriched fraction of a human breast carcinoma (147) . These lesions are organised around a lumen and have a cytoplasm differentiated into apical and basal regions. As the mammary epithelium progresses to infiltrating ductal carcinoma, a further loss of morphogenic capability and an increase in cytoplasmic staining with MAB DF3 occur. MAB 115-D8 (159), developed at the Cancer Institute in Amsterdam (Holland) using as immunogen human milk fat globules, is utilised as "catcher" and MAB DF3 as "tracer" in a sequential double-determinant radioimmunoassay (RIA) to monitor circulating DF3 antigen. With this method the value higher than 150 U/mL is considered suspect. However, with a double determinant enzime-linked immunoassay (EIA) a value higher than 30 U/mL is considered suspect (160).
Tissue polypeptide antigen (TPA)
TPA from cancer tissue consists of 4 different fragments A, B1, B2, C, with a molecular weight ranging from 20,000 to 40,000 Da. The B1 fragment with a molecular weight of 43,000 Da is an unbranched peptyde that possesses antigenic and immunogenic properties and takes part of the cytoskeleton. Proliferating cells of tumor or normal origin produce and release TPA. In cell culture (HeLA) perinuclear formation of TPA is seen early in the S-phase, followed by the development of a network of TPA throughout cytoplasm. Coinciding with the end of the Sphase, most TPA is localised close to and in the plasma membrane. After cell division, TPA is externalised leaving the cell free of visible TPA. At this stage, a rise of TPA in the cell culture medium is observed. Also, it has been hypothesised that TPA represents a degradation product resulting from cell death. In fact, solubilized break down products from intermediate filaments of the cytoskeleton, such as cytokeratins, appear in serum following decomposition of epithelial tissue. In particular, cytokeratins 8, 18 and 19 have been mentioned as a source of break down products that react in serum with certain antibodies to intact cellular keratins. Some markers such as TPA are claimed to represent related parts of cytokeratins 8, 18, 19 or 8 and 18. Therefore, tests for constituents of cytokeratins should provide information about cell destruction. Cell destruction can reflect the (total) cellular turnover and therefore the size of the tumor (161).
Currently, radioimmuno (RIA) and immunoenzimatic (EIA) assays are in use for determination of TPA. The RIA assay is based on sequential saturation of anti-TPA antibodies. The cut-off limit is 85 U/L. The ELISA assay is a solid phase sandwich assay based on immunochemical technique. A value higher than 95 U/L is considered suspect.
Mucin-like carcinoma associated antigen (MCA)
MCA is a molecule with antigenic and immunogenic properties reactive with MABs b-8, b-12 and b-15 (all IgG), raised against a mixture of different human breast carcinoma cell lines (ZR-75.1, MCF-7, HsO578T, SK-BR-3) (162) . This molecule is a glycoprotein belonging to the heterogeneous family of mucins. Mucins are produced by specialised epithelial cells present in many exocrine tissues of different apparatuses (respiratory, genitourinary and gastrointestinal tracts) and by mammary, sweat and salivary glands. Mucins are also expressed and detectable in the serum of cancer patients. Mucins act primarily as a biological barrier to protect epithelia against osmotic and pH gradients, physical injuries, and viral and bacterial infections. Mucins consist of a protein backbone which is a non globular polypeptide to which oligosaccarides are attached (163) . MCA takes part of type-1 mucin that is predominantly produced by mammary glands. It has a unique N-terminus and C-terminus and repeating sequence of 20 amino-acids (162) . MCA was previously purified from ZR-75.1 and MCF-7 cell line extracts and supernatants and then from human milk by immunoaffinity chromotography with the monoclonal antibody b-12. MCA from human milk carries the epitopes defined by the MABs b-8, b-12 and b-15, but has a greater molecular weight (450 KDa) and it is present in this biological fluid in high concentrations (164) . The antibody b-12 was used in a sandwich enzyme immunoassay to measure MCA concentration in biological fluids and in serum. The most commonly used cut-off values are 11 or 15 U/mL (162, 165).
CA549
CA549 is a circulating breast cancer associated antigen, that reacts with the murine monoclonal antibody BC4E 549 raised against a human breast cancer cell line. It is an acidic glycoprotein of apparent molecular weights of 400,000 and 512,000 Da (166).
A double monoclonal immunoradiometric assay is used. It employs the murine BC4N 154 raised against human milk fat globule membranes (HMFGM) as the capture antibody and BC4E 549 as the labelled antibody. The cut-off limit above which the serum level is considered positive is 10-12 U/mL (166).
Clinical role of circulating TAAs
No relevant prognostic role of their serum baseline levels has been observed (149, 167) . Following the report of the ASCO in 1996, measurement of their circulating levels in post-operative management of breast cancer is not routinely recommended because previous data showed a low accuracy in predicting metastatic disease (149) . Nevertheless, enough data are available which document high CEA and CA15.3 specificity and their contribution in the early detection of metastatic disease. This occurs in some patients in whom metastatic cells express these antigens (149, 152, 155) .
In the last two decades the experience gained with the use of serum TAAs has suggested that although post-operatively none of them alone has enough diagnostic accuracy this could be attained when the following interventions and criteria have been adopted: a) association of more suitable tumor markers, b) dynamic evaluation of their concentration values, c) accurate patient's history and clinical examination.
To "early" detect breast cancer relapses, sensitivity of CEA or CA15.3 ranges from 7% to 50% or from 37% to 67% respectively (149, 152, 155, 168) . Sensitivity of TPA has been reported to range from 51% to 86% (198, 155, 169, 170, 171) . The association of more suitable markers, commonly 2 or 3, increases sensitivity (151, 152) but reduces specificity mainly because concomitant acute or chronic benign pathology is responsible for the falsely positive results (149, 155, 168) . In particular, transient and chronic liver failure, diabetes and/or hepatic steatosis, acute joint or upper airways inflammations are more often the probable reason responsible for tumor marker increase in non-relapsed patients (155, 168) . However, dynamic evaluation of their values and an accurate patient's history at each control visit allow to decrease considerably the number of the patients falsely suspected of a pending relapse (155, 168) .
Dynamic evaluation, i.e. not the serum value itself but the time related changes of the tumor marker, is obtained by serial re-testing 2 to 4 weeks after a high value of one or more tumor markers of the association. This permits to distinguish three different kinds of tumor marker increase with different predictive values: isolated elevated value (IEV), constant elevation (CE) and progressive increase (PI). If the initially elevated tumor marker decreases to a normal level, this is an IEV. It was reported that the IEV is commonly due to a concomitant transient benign pathology or acute worsening of a chronic benign pathology (155) . Therefore in this case the predictive value for a pending relapse is very low and this patient does not need further radiological evaluation. We define as progressive the increase which is >30% higher in the sample following the initially elevated value, otherwise we define as CE two similarly high values. CE or PI in patients without a concomitant benign pathology considering an accurate history showed to have unfavourable predictive value. Only these should be strongly suspected as relapsing patients and submitted to instrumental examinations to localise the relapse.
Using these criteria, diagnostic accuracy of CEA-CA15.3-TPA association was about 90% with a sensitivity ranging from 80% to 91% and specificity ranging from 91% to 100% (153) (154) (155) (172) (173) .CEA-CA15.3-TPA association allows to post-operatively monitor breast cancer patients with a great saving of radiological examinations. In fact, disease-free patients can be followed-up at regular intervals of 4 or 6 months (consistent with the high or low risk of relapse) with only physical examination, routine chemistry and serum CEA-CA15.3-TPA panel. Conventional radiological examinations (chest x-ray, liver echography, bone scintigraphy) can be limited to symptomatic patients or patients suspected of a pending relapse with CEA-CA15.3-TPA panel. In these selected patients conventional and more sophisticated imaging techniques (CT and/or MRI) are necessary to localise the site of relapse. As 4.3 +/-4.1 months is the mean time from the increase in one or more markers of the CEA-CA15.3-TPA association to the appearance of clinical and/or instrumental signs of relapse (155) , hormone treatment can be started at this relatively early stage in probably hormone responsive patients. With this strategy, more prolonged disease-free, and overall survivals, were observed (174) (175) . Recently, also a five year relapse free survival of 52% has been reported in patients with limited metastatic disease. Most of these patients with low tumor burden were rendered free of disease by excision of their lesions before submission to high-dose chemotherapy with autologous stem-cell transplantation (176) . All these findings suggest that a follow-up strategy based on the reported tumor marker panel should be considered.
Among the many other TAAs investigated, MCA and CA549 appeared very promising in the "early" detection of breast cancer relapses because of the relatively high sensitivity and specificity reported in a few studies (177) (178) (179) (180) . Nevertheless, this finding was not confirmed by others, and both markers showed an accuracy similar or lower than that of TPA (165, 181).
Another use of circulating TAAs is the monitoring of metastatic disease. A good general correlation between CA15.3, TPA, MCA serum levels and the time course of disease has been reported (149, (182) (183) (184) (185) . However, the data cannot be considered sufficient for a decision-making-process concerning treatment in the absence of clinical and/or instrumental confirmation (149).
Other circulating markers
Autoantibodies to serum extracellular domain (ECD) of HER2/neu oncogene, p53, nucleophosmin (NPM), cytokeratin positive cells and serum soluble vascular cell adhesion molecules are among the most interesting circulating tumor markers investigated in recent years.
HER-2/neu
ECD of the HER-2/neu oncoprotein is shed from cancer cells into the circulation and is measurable by enzyme immunoassays. In primary cancer increased ECD has been reported as poor indicator of overall survival and disease-free survival (186) (187) (188) . Also in metastatic cancer elevated serum HER-2 value have been found independent unfavourable prognostic marker for median survival after relapse and relative risk of progression by some (189) (190) (191) (192) although not by all authors (193) . Moreover, increased ECD Her-2/neu levels predict a poor response to hormonetherapy and some chemotherapy regimens but can predict improved response to combination of Herceptin and chemotherapy (186) (187) 194) . In another recent study where HER-2/neu tissue results were correlated with the serum HER-2/neu levels at the time of metastatic spread, the number of patients with stage IV breast cancer and elevated serum HER-2/neu level was much higher than HER-2/neu positivity in tissue. Therefore, authors recommend that patients with an elevated serum HER-2/neu level and no tissue overexpression should be considered for retesting of tissue or a new biopsy (195) .
ECD HER-2/neu specificity in the detection of relapse is reported as high as 100%, but sensitivity varies from 31% to 45% (152, 190) . Its correspondence with clinical behaviour in the monitoring of metastatic disease is still controversial, and low to high accuracy has been reported (186, 193, 196) .
p53 autoantibodies
Autoantibodies to p53 are detected in a relatively small proportion of breast cancer patients (197) (198) (199) . It has been shown that p53 antibodies tend to develop in patients with tumor p53 accumulation, but p53 accumulation is neither sufficient nor necessary for the generation of the immune response. In fact, p53 antibody-positive patients do not have higher frequency of p53 gene mutations than p53 antibody-negative patients, but the former patient group is associated with a Tyr substitution in the protein product (200) . Although strong correlation between the presence of p53 autoantibodies and lymph-node status or proliferationassociated antigen Ki-67 has been reported (199) , it seems they have little independent predictive/prognostic value (198, 201) . While specificity in the detection of relapse has been reported to be higher than 80%, sensitivity varies from 0% to 46% (202) (203) and correspondence with clinical behaviour in the monitoring of metastatic disease is still highly investigational (201) (202) 
Cytokeratin-positive cells
In breast cancer using immunocytochemistry, several investigators have shown that epithelial cells can be identified in the peripheral blood of otherwise metastasesfree patients with stage I and II breast cancer (204) (205) . The presence of tumor cells outside the primary tumor could be clinically useful: 1) as unambiguous evidence for an early occult spread of tumor cells; 2) as a relevant risk factor for subsequent metastasis and, thus, a poor prognosis; 3) as a marker for monitoring treatment susceptibility. Several markers have been used to detect occult tumor cells in patients with breast cancer. The intermediate filament cytokeratin 19 (CK-19) which is stably and abundantly expressed in the majority of epithelial tumor cells, is one of the most frequently used markers. The detection of occult tumor cells may be improved by the use of the reverse transcription polymerase chain reaction (RT-PCR) amplification technique, which can identify cell-specific mRNA. This method can detect up to one tumor cell in 10 7 normal peripheral blood cells (206) (207) (208) . The higher sensitivity of RT-PCR for the detection of occult tumor cells was demonstrated by Schoenfeld et al (207) .
A recently reported trial (209) clearly showed that in metastatic breast cancer patients circulating tumor cells (CTCs) permit prediction of progression-free and overall survival as well as response to treatment. Prediction included the complete study group and most of the investigated subgroups. Interestingly, in this study a newly developed method was used. The system is based on the enumeration of epithelial cells, which are separated from the blood by antibody-coated magnetic beads and identified using fluorescently labelled antibodies against cytokeratin and with a fluorescent nuclear stain and fluorescent cytokeratin antibodies (209) . Other studies confirmed that detection of cytokeratin-positive cells in the peripheral blood is an independent factor that identifies breast cancer patients with poor prognosis both as to progression free and overall survivals (210) (211) . It has also been reported that the number of circulating epithelial cells in patients with clinically active disease concurred or preceded changes in the disease activity (212).
Autoantibodies to nucleophosmin (NPM)
NPM is a nucleolar phosphoprotein, a substrate for phosphorylation by p34 cdc-2 kinase, protein kinase-C, and casein kinase II; and a repressor of the transcriptional regulating activities of the YY1 and IFN regulatory factor-1 transcription factors (213) . NPM is induced by estrogen in MCF-7 cells and is upregulated in estrogen independent cells (214) . In a recent report, NPM gene has been found upregulated in MCF-7/LCC9 compared to MCF-7/LCC1 cells the former being antiestrogen-resistant and the latter antiestrogenresponsive variants of the MCF-7 human breast cancer cell line (13) . NPM provokes an autoimmune response in breast cancer patients, the magnitude of which is associated with tamoxifen therapy. The levels of anti-NPM autoantibodies increase 6 months before recurrence and they are significantly reduced in patients receiving tamoxifen, consistent with the antiestrogenic regulation of the antigen (213) . It has been postulated that monitoring anti-NPM levels could be a useful biomarker for assessing tamoxifen responses and failures (33).
Serum soluble vascular cell adhesion molecules: intracellular adhesion molecule 1 (ICAM-1), vascular cell adhesion molecule 1 (VCAM-1) and E-selectin
Adhesion molecules are serum glycoproteins important in cell-cell and cell-basement interactions. They are intimately involved in inflammatory reactions, play a role in cell adhesion to the vascular endothelium and may have a role in tumor cell dissemination and progression. Particularly, in the last years three of them have been investigated: ICAM-1, VCAM-1 and E-selectin.
The circulating soluble form of ICAM-1 is elevated in breast cancer patients and associated with tumor progression (215) . Nevertheless only occasionally could a poor prognostic value be established (216) .
Serum levels of soluble VCAM-1 have been found to correlate closely with microvessel density in tumors (r = 65; p < .001), and women who developed early recurrence had higher pre-operative levels than those who remained disease-free (217) . In the same study, serum VCAM-1 levels rose in women with advanced disease whose disease progressed, and remained unchanged, or fell in women with advanced disease whose disease remained stable or showed a partial response to hormonal therapy. In other studies elevated VCAM-1 levels in patients with stage II disease were predictive of decreased survival even when corrected for T and N status (218) or significantly correlated with circulating endothelial cells (216) . Furthermore, high expression and high level of VCAM-1 has been reported concomitant with neovascularisation induced by malignant breast cancer cells (198) . These data point out VCAM-1 as a surrogate marker of angiogenesis.
Increasing evidence suggests that soluble Eselectin contributes to tumor growth and metastasis, possibly stimulating angiogenesis and the adhesion of tumor cells to endothelial cells or distant sites. E-selectin has been found significantly higher in the serum of breast cancer patients than in controls and in benign breast disease (218) (219) (220) . It has also been suggested that E-selectin serum levels might reflect the severity of invasive breast cancer (220) and that they are associated with the clinical course of liver metastases (221).
SUMMARY AND PERSPECTIVE
This review summarises the main advances in the study of biomolecular markers of breast cancer and has attempted to score their clinical utility using a recently developed grading system (Tables 1-2 ). Many efforts are ongoing to define either tissue or circulating biomolecular markers that independently, or in addition to the conventional pathological findings (T and N), better select patient management. In the adjuvant setting c-erbB2/HER2 neu positive tumors with concomitant high value of Ki67/MIB-1 defines a subgroup of lymph-node negative patients with higher risk of relapse. Cytokeratin-positive cells in the peripheral blood or high KI67/MIB-1 value proved to be an independent negative prognostic factor. Cytotoxic chemotherapy is an important therapy for breast cancer patients, but it is limited by toxicity, non-specificity and inevitable development of resistance. The above mentioned new markers can help in the decision-making process on the use of antracyclines and/or taxanes in place of CMF. However, an effective therapy has to target cellular pathways involved in growth regulation. The term "targeted therapy" refers to a known therapeutic target that is important in the biology of the cancer cell and indicates a specific agent that acts by modifying the expression or activity of the target in the growth and progression of the cancer. With this approach, only patients with the likelihood of benefit are treated, so hopefully the therapeutic index will be improved. Tissue biomolecular markers, besides being prognostic and predictor factors, undoubtedly play a central role in targeted therapies that are among the most promising directions of clinical research. The discovery of the ER provided the first example of targeted therapy in breast cancer. In fact, tamoxifen selectively binds ER and competitively inhibits the activity of estrogens. Progress in the understanding of the biology of this receptor pathway, led to further targeted agents able to modulate the activity of this pathway (SERMs) or inhibitors of the production of the ligand (aromatase inhibitors) and improved management of the localised and advanced breast cancer expressing the ER. Using the same strategy, the recombinant humanized monoclonal antibody trastuzumab was developed as a therapy targeting the ECD of HER2 which is overexpressed in roughly one fourth of patients with invasive breast cancer. In properly selected patients with overexpression of the HER2 protein and/or amplification of HER2 gene in tumor tissue, trastuzumab showed single agent activity as well as potent synergy with many chemotherapy agents in metastatic breast cancer (222, 223) .
Two main classes of agents have been developed that specifically target the EGFR. Gefitinib and erlotinib are small molecule inhibitors of the EGFR TK, and cetuximab is among a group of monoclonal antibodies that target EGFR.
Several other compounds have been developed that have broad anti-HER activity such as lapatinib and pertuzumab and more HER signalling inhibitors as gefitinib and trastuzumab have been combined.
Inhibiting multiple HER receptors has the potential of improving therapy by intensifying and broadening the inhibition of multiple and redundant cell pathways. Preliminary data from clinical trials with these new classes of agents have already been reported although clinical benefit was less than expected (224) (225) (226) (227) .
VEGF is another tissue biomolecular marker against which a recombinant humanized antibody has been developed. The antibody blocks binding of VEGF to its receptors and endothelial cells. Some trials with this antibody, called bevacizumab, have already been conducted (228, 229) .
As to circulating markers, so far most data have been collected on the more common TAAs. Some of them have been investigated and have never, or sporadically, been introduced into clinical practice. Others such as those reported in this review have been utilised in many clinical trials but none of them can be considered as standard practice (Table 2) . While their preoperative levels did not show relevant prognostic or predictive value, their clinical use in the early detection and monitoring of relapses is widely documented. However, for some of them such as TPA, MCA and CA549 the high number of falsely positive results, and for others such as CEA and CA15.3 and the more recently evaluated ECD-HER2/neu and p53 antibodies, the high number of falsely negative results is the main obstacle to routine clinical utilisation. A progress in the field is the ongoing investigation to attain high accuracy with the association of more markers and the adoption of suitable clinical and laboratory criteria. CEA-TPA-CA15.3 could be one of these panels; however, ECD HER2/neu and p53 antibodies, because of their high specificity, and nucleophosmin antibodies could be suitable candidates for different combinations. In a pilot study with an intensive post-operative follow-up with CEA-TPA-CA15.3, this tumor marker panel allowed to "early" detect distant metastases and an "early" treatment with antiestrogens significantly prolonged disease-free and overall survivals of responsive relapsed patients (174) . If randomised clinical trials confirm these results, the new more effective therapies (new antiestrogens, targeted drugs) can be anticipated and further options can be considered in selected metastatic patients. Soluble vascular cell adhesion molecules are still highly investigational markers and overall seem to be useful as prognostic/predictor factors rather than factors in the early detection and monitoring of relapses (Table 2 ).
In conclusion, the study of biomolecular markers is a continuously expanding field that offers important opportunities to improve the understanding of biology and management of breast cancer. 
